Orange waste has been loaded with various metal ions to create suitable adsorption sites for arsenic and phosphorus. Batch adsorption studies revealed that arsenate and arsenate removal was favorable at pH 5-9 and 9-11, respectively, while phosphate removal occurred at pH 7-10. The maximum adsorption capacity of the prepared gel was evaluated as 42 mg/g for both As(V) and As(III) while 13.9 mg/g for phosphate. Column adsorption studies confirmed that the gel has the potential to adsorb and elute arsenate and phosphate in continuous mode. The excellent anion separation capability of this gel could lead to the development of cost-effective technology for arsenic and phosphorus removal.
produces a wet bulky sludge and often requires final filtration for secondary treatment. Since last few decades, various adsorbents for arsenic [4] [5] [6] [7] as well as phosphate [8] [9] [10] [11] removal have been developed.
In view of oxoanion separation, we have investigated orange waste by loading with various metal ions, which is cheap and abundantly available as waste by-product from orange juice factory. Since oxoanion removal by using anion exchanger is nonselective, the common ground is to use cation exchanger loaded with metal ions.
For this provision, we have loaded various metal ions onto orange waste to facilitate ligand exchange process and attempted to evaluate adsorption behavior for arsenic and phosphate anions in terms of maximum adsorption capacities and optimal pH condition. The amount of total exchangeable cations was evaluated as 2.69 mol H+/kg dry gel. We made a similar analysis for pure pectic acid and the amount of exchangeable cations was evaluated as 5.65 mol/kg [12] . These results suggest that a comparatively much cheaper adsorbent (orange waste gel) having the same functional group can be produced instead of using pure pectic acid.
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Effect of foreign anions
To assess the competing effect of foreign anions on phosphate removal by La(III)-loaded SOW gel, batch adsorption tests of phosphate were carried out by adding equimolar of other anions such as sulfate, chloride, and carbonate. Figure 1 shows that such foreign anions had no effect on the adsorption of phosphate, revealing that phosphate can be selectively removed from the waste-water sources containing chloride, carbonate and sulfate by using La(III)-loaded SOW gel.
Effect of pH on adsorption
The anion exchange capacity is strongly governed by pH of the aqueous solution and the surface chemistry of the solids. phosphate species are HPO42-and H2PO4-, which are considered to be more strongly adsorbed onto the gel by electrostatic interaction. However, low phosphate uptake at higher pH (Fig. 2) can be attributed to the competition between hydroxyl ions and phosphate ions for adsorption sites. The results of the adsorption tests can be interpreted in terms of a ligand exchange mechanism [13] between the oxoanionic species and hydroxyl ions (287) coordinated to the Ln(III) ions. These hydroxyl ions are further substituted by oxoanions according to the ligand exchange process. We confirmed that adsorptive removal of arsenic and phosphate by these metal-loaded gels have been achieved without any leakage of loaded metal ions into the solution under the condition mentioned.
On the other hand, the Fe(III)-loaded SOW gel shows that the % removal of phosphate decreases with increasing pH, from 99% at pH 2•`5.5 to 65% at pH 9 ( Fig.   2c) phosphate from practically polluted aqueous solutions.
Fixed bed adsorption and elution tests
To evaluate the practical applicability of the gel, column experiments were carried out for arsenate and phosphate as depicted in Fig. 4 , which shows that the breakthrough of As(V) and phosphate occurred at 120 and 140 bed volume (BV) while the column was entirely saturated at 690 and 320 BV, respectively. From the breakthrough curve of arsenate (Fig. 4 (a) ) the adsorption capacity was evaluated as 14.23 mg As(V)/g, which was approximately 35% of the value evaluated from batch adsorption test. Similar behavior was also observed for As(III), which may be attributable to the kinetic effects of adsorption and various phenomena such as channeling.
In contrast to the As(V) and As(III) sorption, the adsorption capacity for phosphate was evaluated from Fig. 4 (b) as 13.6 mg Pig, which was in good accordance with the value evaluated in the batch adsorption test (13.9 mg Pig).
After complete saturation of the column, an elution test was carried out as shown in Fig. 5 . The arsenate and phosphate retained on the gel were eluted with 1 and 0.4 M HC1, respectively. Sharp elution curves were observed for both arsenate (>95%) and phosphate (>85%) from the loaded column by using small amount of
eluant. An enrichment of more than 20 times compared to the feed concentration has been accomplished for both arsenate and phosphate, while only less than 4 fold enrichment for As(III) has been attained. However, in each case, lanthanum was also eluted together with the arsenate and phosphate during this operation.
